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AntiviralAbstract A novel ten coordinated binuclear hydrated praseodymium(III) ethylenediaminetetraac-
etate with phenyl hydrazine has been synthesized and characterized by analytical, spectral and ther-
mal techniques. The structure of the compound determined by X-ray crystallography reveals the
binuclear nature of the complex with ten coordination around Pr(III) ions. Neutral phenyl hydra-
zine molecules present outside the coordination sphere and four inner sphere water molecules found
to occupy the coordination sites (each Pr(III) ions possessing two coordinated water molecules).
Among ﬁve more water molecules, four are involved in hydrogen bonding with phenyl hydrazine
and EDTA4 and hence present in the second sphere. The remaining water molecule is present
as bulk water. Interestingly, in the present case EDTA4 ions act as heptadentate ligand with
one acetate group from each EDTA4 ion showing novel tridentate bridging behavior. The biolog-
ical studies such as antioxidantal, antiviral and cytotoxicity studies reveal that this complex indeed
shows promising activity.
 2016 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The coordination mode of ethylenediaminetetraacetic acid
(EDTA) ligand is well known hexadentate one. In polynuclear
lanthanide complexes EDTA molecule acts as a heptadentate
ligand which is unprecedented. Both eight and ten-
coordination are uncommon and the Ln(III) ions are predom-
inantly nine coordinated with tricapped trigonal prism being
the most frequently observed structure. Synthetic nucleasesthylene-
.doi.org/
2 R. Pradeep et al.are capable of hydrolyzing RNA or DNA through the cleav-
age of the phosphate diester bonds. Divalent metal ions such
as Zn(II) and Cu(II) are responsible for the catalysis through
activation by electropositive metal ions. Trivalent lanthanide
(III) ions are expected to be more effective in this capacity
due to their strong Lewis acidity and the kinetic liability of
their complexes. Though the importance of mono nuclear lan-
thanide complexes has been well established, the polynuclear
lanthanide complexes are expected to ﬁnd application in sol–
gel technology, radiographic agents and metallo-enzyme mim-
ics [1–5]. Lanthanide(III) ions in aqueous solution reluctantly
form complexes due to the strong hydration to give [Ln
(H2O)9]
3+ species. a-amino acids especially polyaminopolycar-
boxylic (PAPC) acids are the novel class of supporting ligands
suitable for replacing water molecules due to the formation of
chelating complexes.
In aqueous solution pH conditions exert a strong and gen-
eral inﬂuence on the outcome of lanthanide chemistry as
demonstrated by the isolation of unprecedented EDTA–lan-
thanide complex from otherwise well-established chemistry.
Though formation of polynuclear complex with hydroxyl
bridges is common at a higher pH, carboxylate bridges were
rarely observed with lanthanide(III) PAPC acids and only a
few complexes were reported such as (NH4)4[Yb2(DTPA)2]
9H2O in which Yb(III) ions are bridged by the adjacent DTPA
ligand which result in the formation of a binuclear complex.
Nine coordinated binuclear complex, (NH4)4[Ho2(DTPA)2]
9H2O with pseudomonocapped square antiprismatic confor-
mations have been reported in the literature [6]. While the high
coordination number is not so unusual for Ln(III), ten-
coordinated Pr(III) is rather rare. It appears that the previ-
ously unknown bridging interaction by one of the EDTA car-
boxylato oxygen is a prerequisite for the formation of the
binuclear structure. The coordination polyhedron of ten-
coordinated Ln(III) ion may be best described as a bicapped
square antiprism. However, such structures are observed only
in the cases of complexes with hydroxo bridges [7].
The lanthanide inhibiting reactive oxygen species (ROS)
involves strong oxyphilicity inherent in lanthanides, because
of the availability of oxygen sites, these free radicals make them
excellent targets for Ln(III) coordination (attack). This causes
lanthanide to play the role of scavenger of ROS. Most of the
organic oxidants scavenge free radicals by single electron
exchange with radicals and thus transform themselves into rad-
icals, hence acting as ‘pro-oxidants’. Ln(III) very easily interacts
with either free radicals or peroxides but is not transformed as
radicals. In lanthanide(III)–EDTA complexes the hexadentate
mode is common and several hydrated complexes with eight
and nine coordinated geometries have been reported. However,
only a few complexes are known with ten-coordination around
the Ln(III) ions [8]. In the present investigation, we report syn-
thesis, characterization and X-ray diffraction studies of binu-
clear ten coordinated praseodymium(III) complex. The
biological activities of this complex are also reported.
2. Experimental
2.1. Materials and methods
All reagents and chemicals used for synthesis and analyses
were obtained commercially and used without furtherPlease cite this article in press as: R. Pradeep et al., Crystal and molecular structure o
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ments. All glass wares used were washed with acetone, fol-
lowed by rinsing with distilled water and dried in an oven
before use. Chemical analyses for carbon, hydrogen and nitro-
gen were performed using a Perkin-Elmer model 1240 CHN
analyzer. The metal content was determined by complexomet-
ric titration after decomposing the complex with concentrated
nitric acid to eliminate the ligand. The molar conductance of
the complex was measured at room temperature using the
Systronics-303 conductivity meter in DMSO. Room tempera-
ture magnetic moments of the complex was determined using
a Gouy balance and Hg[Co(SCN)4] as the calibration stan-
dard. UV–visible absorbance spectra were recorded in the
range 800–200 nm using Systronics double beam UV–visible
spectrophotometer. The infrared absorption spectra were
recorded using a Perkin-Elmer 597 spectrophotometer with
KBr pellets. The simultaneous TG-DTA analysis was under-
taken on a SWI TG/DTA 6200 thermal analyzer using 5 mg
of the samples with the heating rate of 10 C per minute.
2.2. Preparation of the complex
Praseodymium(III) nitrate hydrate was prepared by dissolving
3.41 g (0.02 mol) of Pr4O11 in 4 N nitric acid and evaporating
the clear solution to dryness. The residue was dissolved in
50 mL of distilled water. To this solution an aqueous solution
(50 mL) of ethylenediaminetetraacetic acid (5.84 g, 0.02 mol)
neutralized with phenyl hydrazine (4 mL, 0.04 mol) was added
with constant stirring. The resulting solution was allowed for
crystallization at room temperature. The intense green needle
like crystals formed after 24–36 h along with colorless spongy
ligand were collected by repeatedly washing with ice cold dis-
tilled water and decanting the solution. Finally, the crystals
settled at the bottom were transferred to the Whatman ﬁlter
paper and dried in air (Yield:81%).
2.3. X-ray crystallography
X-ray single crystal data for the complex was collected using
Enras-Nonius CAD-4 diffractometer with graphite monochro-
mated Mo-Ka radiation (k= 0.71073 A˚). The structure was
solved by the Patterson method and reﬁned applying full-
matrix least square techniques. Reﬁnement was carried out
using SHELXL-97 program [9,10]. Atomic scattering factors
and anomalous dispersion collections were obtained from
international tables for X-ray crystallography [11]. The struc-
ture model was drawn using ORTEP program.
2.4. Biological screening
The antioxidantal testing of the complex was performed by the
procedure described in the literature [12]. The antiviral activity
of the complex was tested at JSS College of Pharmacy,
Udhagamandalam, The Nilgiris, India. The procedure for
the antiviral activity testing is similar to that described in the
literature [13]. Cytotoxicity studies were carried out on neurob-
lastoma cancer cells received from N.C.C. Pune. Percentage of
cell viability was assayed using MTT assay method [14]. The
run was conducted for 24 h and the same was repeated three
times.f novel binuclear ten coordinated praseodymium(III) with octadentateethylene-
icancer activities, Journal of Saudi Chemical Society (2016), http://dx.doi.org/
Figure 1 Electronic spectrum of [Pr2(EDTA)2(H2O)4]
H2(PhNHNH2)3(H2O)5.
Figure 2 IR spectrum of [Pr2(EDTA)2(H2O)4]
H2(PhNHNH2)3(H2O)5.
Crystal and molecular structure of novel binuclear ten coordinated praseodymium(III) 33. Results and discussion
An aqueous reaction between phenylhydrazinium salt of
ethylenediaminetetraacetic acid and praseodymium(III) nitrate
hydrate yielded needle like crystals which are highly stable and
water soluble. The derived chemical reaction for the formation
of the complex is represented as follows.
2PrðNO3Þ3  xH2Oþ 2H4EDTAþ 4C6H5NHNH2
! H2½Pr2ðEDTAÞ2ðH2OÞ4ðC6H5NHNH2Þ3ðH2OÞ5
þ 5HNO3 þ C6H5NHNH3NO3
The metal and elemental analyses are in accordance with
the empirical formula, Pr2C38H68N10O25 (1346.84). The ele-
mental analyses results and metal analysis are as follows: C –
33.61 (33.89), H – 4.89 (5.09), N – 10.92 (10.40) and Pr –
21.86 (20.92)%.
3.1. Molar conductivity
The molar conductivity of the 0.01 mol of the complex in
aqueous solution is 160 ohm1 cm2 mol1 indicating the 2:1
type electrolytic nature of the complex. The value is lower than
expected which could be due to the slow movement of anionic
complex because of its larger size and also the hydrogen bond-
ing interaction of cations.
3.2. Magnetic moment and electronic spectra
The magnetic moment value is found to be 3.52 BM which cor-
responds to two unpaired electrons which is the clear evidence
for +3 state of praseodymium ion [15]. The electronic conﬁg-
uration of Pr3+ is [Xe]f2. Thus, with two unpaired electrons
the expected effective magnetic moment is 3.58 BM. The
observed value is 3.52 BM which clearly reveals that in the bin-
uclear complex two Pr3+ ions are bridged by ligands and no
PrAPr bond is formed. Hence in the absence of PrAPr bond
the magnetic moment is expected to be in the range of
mononuclear complex. The electronic spectrum of the complex
was recorded in water. Though while comparing with aqueous
complex, the data show hypsochromic shift (blue shift), the
spectral patterns are almost similar to that of ammonium
and hydrazinium complexes. The spectra show four sharp
bands at 16,890, 20,620, 21,200 and 22,420 cm which are
assigned to 3H4?
1D2,
3P0,
3P1 and
3P2 transitions respectively
among which 3H4?
1D2 transition is weak because it is for-
bidden transition. These wavelength ranges are very close to
the Pr(III) aminocarboxylate complexes reported earlier [16]
which is quite understandable that the ligand ﬁeld does not
greatly inﬂuence the central meal ions. The electronic spectrum
of the complex is shown in Fig. 1.
3.3. Infrared spectrum
The IR spectrum of the complex shows broad bands in the
higher wavenumber regions, between 3500 cm1 and
3000 cm1 with splitting which is expected for the hydrated
Ln–EDTA complexes with coordinated and lattice water mole-
cules along with NAH bonds. Indeed, in the present case the
water molecule present in the inner sphere, second spherePlease cite this article in press as: R. Pradeep et al., Crystal and molecular structure o
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Furthermore NAH stretching of phenyl hydrazine molecule
also shows bands in the region 3200–3350 cm1. Several sharp
bands are observed in the region 1600–1380 cm1 which are
assigned to mCOO symmetric and mCOO asymmetric stretching
of monodentate, bidentate, chelated and bridged carboxylate
ions. Simple monodentate carboxylate ions show only two to
three bands in this region. The band observed at 970 cm1 is
assigned to the NAN stretching of non-coordinated phenyl
hydrazine molecule [17,18]. The infrared spectrum of the com-
plex is shown in Fig. 2.
3.4. Thermal degradation
The simultaneous Thermo gravimetric and Differential ther-
mal analysis (TG-DTA) traces of the complex clearly reveal
the complicated multistep degradation pattern. Dehydration
observed starts from 40 C may be due to the outer sphere
water molecule. This dehydration continues in the number of
stages indicating the presence of different types of waterf novel binuclear ten coordinated praseodymium(III) with octadentateethylene-
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Figure 3 Simultaneous TG-DTA of [Pr2(EDTA)2(H2O)4]H2(PhNHNH2)3(H2O)5.
Table 1 Crystal data and structure reﬁnement of [Pr2(EDTA)2(H2O)4]
H2(PhNHNH2)3(H2O)5.
CCDC No. 1033966
Empirical formula C19H34N5O12.50Pr
Formula weight 667.37
Temperature 293(2) K
Wavelength 0.71069 A˚
Crystal system, space group Triclinic, P1
Unit cell dimensions a= 14.301(5) A˚ alpha = 100.580(3) deg
b= 14.738(3) A˚ beta = 96.413(2) deg
c= 15.974(4) A˚ gamma= 114.533(5) deg
Volume 2943.6(14) A˚3
Z, Calculated density 4, 1.500 Mg/m3
Absorption coeﬃcient 1.717 mm1
F(000) 1334
Crystal size 0.22  0.20  0.18 mm
Theta range for data collection 1.60 to 35.21 deg.
Limiting indices 21 6 h 6 22, 22 6 k 6 22, 24 6 l 6 24
Reﬂections collected/unique 80192/22171 [R(int) = 0.0313]
Completeness to theta 25.00 (99.7%)
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7474 and 0.7038
Reﬁnement method Full-matrix least-squares on F2
Data/restraints/parameters 22171/0/676
Goodness-of-ﬁt on F2 1.103
Final R indices [I>2 sigma(I)] R1 = 0.0578, wR2 = 0.1938
R indices (all data) R1 = 0.0700, wR2 = 0.2049
Largest diﬀ. peak and hole 4.938 and 1.225 eǺ3
4 R. Pradeep et al.molecules and takes place up to 220 C. The DTA shows num-
ber of weak endotherms, the ﬁrst endotherm appears at 50 C
could be for bulk water molecule. This dehydration is followed
by one broad and weak exotherm and a sharp exotherm at
360 C and 460 C respectively. The broad exotherm is
assigned to the degradation of phenyl hydrazine molecules
and the sharp one is ascribable for the pyrolysis of the EDTAPlease cite this article in press as: R. Pradeep et al., Crystal and molecular structure o
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10.1016/j.jscs.2016.11.002moieties. Due to the continuous degradation behavior, assign-
ing weight losses for the individual stages is a tedious task.
However, the ﬁnal weight loss is very well in accordance with
the calculated value for the formation of Pr6O11 as the ﬁnal
residue (weight loss observed = 76% and calculated = 75%).
The simultaneous TG-DTA pattern of the complex is pre-
sented in Fig. 3.f novel binuclear ten coordinated praseodymium(III) with octadentateethylene-
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Table 2 Bond lengths (A˚) and bond angles (deg.) for [Pr2(EDTA)2(H2O)4]H2(PhNHNH2)3(H2O)5.
Bond lengths (A˚) Bond angles (deg.) Bond angles (deg.)
C(7)-Pr(1)#1 3.001(4) O(9)-C(7)-Pr(1)#1 64.1(3) C(20)-O(20)-Pr(2)#2 90.6(3)
C(20)-Pr(2)#2 3.038(5) O(6)-C(7)-Pr(1)#1 59.8(2) O(3)-Pr(1)-O(4) 74.31(15)
N(1)-Pr(1) 2.777(4) C(8)-C(7)-Pr(1)#1 162.8(3) O(3)-Pr(1)-O(5) 82.41(13)
N(2)-Pr(1) 2.822(4) O(20)-C(20)-Pr(2)#2 65.2(3) O(4)-Pr(1)-O(5) 135.31(14)
N(3)-Pr(2) 2.789(4) O(16)-C(20)-Pr(2)#2 59.0(2) O(3)-Pr(1)-O(1) 143.01(14)
N(4)-Pr(2) 2.794(4) C(19)-C(20)-Pr(2)#2 162.1(3) O(4)-Pr(1)-O(1) 140.36(13)
O(1)-Pr(1) 2.500(4) C(5)-N(1)-Pr(1) 110.2(3) O(5)-Pr(1)-O(1) 76.55(13)
O(1)-H(1A) 0.8200 C(2)-N(1)-Pr(1) 105.4(3) O(3)-Pr(1)-O(6) 142.28(14)
O(2)-Pr(1) 2.575(4) C(3)-N(1)-Pr(1) 111.5(3) O(4)-Pr(1)-O(6) 68.33(13)
O(2)-H(2C) 0.8200 C(9)-N(2)-Pr(1) 109.0(3) O(5)-Pr(1)-O(6) 121.39(11)
O(3)-Pr(1) 2.451(4) C(8)-N(2)-Pr(1) 111.2(3) O(1)-Pr(1)-O(6) 74.45(13)
O(4)-Pr(1) 2.465(4) C(4)-N(2)-Pr(1) 106.5(3) O(3)-Pr(1)-O(2) 72.43(14)
O(5)-Pr(1) 2.478(3) C(14)-N(3)-Pr(2) 107.0(3) O(4)-Pr(1)-O(2) 133.39(15)
O(6)-Pr(1) 2.511(3) C(15)-N(3)-Pr(2) 110.3(4) O(5)-Pr(1)-O(2) 70.28(13)
O(6)-Pr(1)#1 2.607(3) C(12)-N(3)-Pr(2) 109.9(3) O(1)-Pr(1)-O(2) 71.96(15)
O(9)-Pr(1)#1 2.700(4) C(19)-N(4)-Pr(2) 111.0(3) O(6)-Pr(1)-O(2) 140.12(13)
O(11)-Pr(2) 2.499(4) C(18)-N(4)-Pr(2) 109.4(3) O(3)-Pr(1)-O(6)#1 116.86(12)
O(11)-H(11A) 0.8200 C(16)-N(4)-Pr(2) 106.7(3) O(4)-Pr(1)-O(6)#1 78.62(13)
O(12)-Pr(2) 2.523(4) Pr(1)-O(1)-H(1A) 109.5 O(5)-Pr(1)-O(6)#1 145.92(12)
O(13)-Pr(2) 2.486(4) Pr(1)-O(2)-H(2C) 109.5 O(1)-Pr(1)-O(6)#1 71.64(12)
O(14)-Pr(2) 2.448(4) C(1)-O(3)-Pr(1) 127.0(3) O(6)-Pr(1)-O(6)#1 60.88(13)
O(15)-Pr(2) 2.455(4) C(6)-O(4)-Pr(1) 127.8(4) O(2)-Pr(1)-O(6)#1 88.27(12)
O(16)-Pr(2) 2.507(3) C(10)-O(5)-Pr(1) 128.1(3) O(3)-Pr(1)-O(9)#1 68.90(12)
O(16)-Pr(2)#2 2.621(3) C(7)-O(6)-Pr(1) 126.7(3) O(4)-Pr(1)-O(9)#1 71.28(15)
O(20)-Pr(2)#2 2.758(4) C(7)-O(6)-Pr(1)#1 95.5(3) O(5)-Pr(1)-O(9)#1 133.66(12)
Pr(1)-O(6)#1 2.607(3) Pr(1)-O(6)-Pr(1)#1 119.12(13) O(1)-Pr(1)-O(9)#1 105.24(14)
Pr(1)-O(9)#1 2.700(4) C(7)-O(9)-Pr(1)#1 91.6(3) O(6)-Pr(1)-O(9)#1 102.84(11)
Pr(1)-C(7)#1 3.001(4) Pr(2)-O(11)-H(11A) 109.5 O(2)-Pr(1)-O(9)#1 66.79(13)
Pr(2)-O(16)#2 2.621(3) Pr(2)-O(12)-H(12C) 109.5 O(6)#1-Pr(1)-O(9)#1 48.49(10)
Pr(2)-O(20)#2 2.758(4) C(11)-O(13)-Pr(2) 127.4(4) O(3)-Pr(1)-N(1) 63.16(13)
Pr(2)-C(20)#2 3.038(5) C(13)-O(14)-Pr(2) 127.4(4) O(4)-Pr(1)-N(1) 64.44(14)
C(17)-O(15)-Pr(2) 127.5(4) O(5)-Pr(1)-N(1) 71.07(13)
C(20)-O(16)-Pr(2) 125.2(3) O(1)-Pr(1)-N(1) 133.74(14)
C(20)-O(16)-Pr(2)#2 96.6(3) O(6)-Pr(1)-N(1) 95.19(13)
Pr(2)-O(16)-Pr(2)#2 117.84(13) O(2)-Pr(1)-N(1) 123.64(14)
Bond angles (deg.) Bond angles (deg.)
O(3)-Pr(1)-N(2) 124.86(12) O(11)-Pr(2)-O(16)#2 71.70(12)
O(4)-Pr(1)-N(2) 100.88(15) O(14)-Pr(2)-O(20)#2 68.27(13)
O(5)-Pr(1)-N(2) 62.73(11) O(15)-Pr(2)-O(20)#2 132.69(12)
O(1)-Pr(1)-N(2) 70.52(14) O(13)-Pr(2)-O(20)#2 68.04(14)
O(6)-Pr(1)-N(2) 59.90(11) O(11)-Pr(2)-O(20)#2 107.48(13)
O(2)-Pr(1)-N(2) 124.84(13) O(16)-Pr(2)-O(20)#2 102.85(11)
O(6)#1-Pr(1)-N(2) 115.62(11) O(12)-Pr(2)-O(20)#2 67.15(13)
O(9)#1-Pr(1)-N(2) 162.70(11) O(16)#2-Pr(2)-O(20)#2 48.08(11)
N(1)-Pr(1)-N(2) 65.62(13) O(14)-Pr(2)-N(3) 63.11(14)
O(3)-Pr(1)-C(7)#1 92.17(13) O(15)-Pr(2)-N(3) 72.33(15)
O(4)-Pr(1)-C(7)#1 69.94(14) O(13)-Pr(2)-N(3) 64.12(14)
O(5)-Pr(1)-C(7)#1 149.70(12) O(11)-Pr(2)-N(3) 133.60(15)
O(1)-Pr(1)-C(7)#1 91.04(13) O(16)-Pr(2)-N(3) 94.53(13)
O(6)-Pr(1)-C(7)#1 80.11(11) O(12)-Pr(2)-N(3) 127.03(14)
O(2)-Pr(1)-C(7)#1 79.63(13) O(16)#2-Pr(2)-N(3) 141.24(13)
O(6)#1-Pr(1)-C(7)#1 24.69(11) O(20)#2-Pr(2)-N(3) 118.89(14)
O(9)#1-Pr(1)-C(7)#1 24.29(11) O(14)-Pr(2)-N(4) 124.65(14)
N(1)-Pr(1)-C(7)#1 132.29(13) O(15)-Pr(2)-N(4) 63.29(13)
N(2)-Pr(1)-C(7)#1 138.88(11) O(13)-Pr(2)-N(4) 104.08(15)
O(14)-Pr(2)-O(15) 80.82(15) O(11)-Pr(2)-N(4) 68.55(14)
O(14)-Pr(2)-O(13) 72.94(15) O(16)-Pr(2)-N(4) 60.60(11)
O(15)-Pr(2)-O(13) 135.70(14) O(12)-Pr(2)-N(4) 123.78(13)
O(14)-Pr(2)-O(11) 144.81(14) O(16)#2-Pr(2)-N(4) 117.16(12)
O(15)-Pr(2)-O(11) 78.10(14) O(20)#2-Pr(2)-N(4) 163.44(11)
O(13)-Pr(2)-O(11) 139.89(12) N(3)-Pr(2)-N(4) 66.44(15)
(continued on next page)
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Table 2 (continued)
Bond angles (deg.) Bond angles (deg.)
O(14)-Pr(2)-O(16) 142.50(14) O(14)-Pr(2)-C(20)#2 91.70(14)
O(15)-Pr(2)-O(16) 122.83(12) O(15)-Pr(2)-C(20)#2 148.79(13)
O(13)-Pr(2)-O(16) 70.11(13) O(13)-Pr(2)-C(20)#2 68.21(13)
O(11)-Pr(2)-O(16) 72.52(12) O(11)-Pr(2)-C(20)#2 91.94(13)
O(14)-Pr(2)-O(12) 74.59(14) O(16)-Pr(2)-C(20)#2 80.60(12)
O(15)-Pr(2)-O(12) 70.72(13) O(12)-Pr(2)-C(20)#2 78.08(12)
O(13)-Pr(2)-O(12) 131.68(14) O(16)#2-Pr(2)-C(20)#2 24.39(12)
O(11)-Pr(2)-O(12) 71.98(14) O(20)#2-Pr(2)-C(20)#2 24.16(12)
O(16)-Pr(2)-O(12) 137.53(13) N(3)-Pr(2)-C(20)#2 130.65(14)
O(14)-Pr(2)-O(16)#2 116.08(13) N(4)-Pr(2)-C(20)#2 139.98(12)
O(15)-Pr(2)-O(16)#2 145.91(13)
Figure 4 ORTEP diagram of [Pr2(EDTA)2(H2O)4]H2(PhNHNH2)3(H2O)5.
6 R. Pradeep et al.3.5. Structure of [Pr2(EDTA)2(H2O)4]
H2(PhNHNH2)3(H2O)5
The crystal data and selected bond lengths and bond angles of
the Pr(III) complex are given in Tables 1 and 2 respectively.
The ORTEP and close packing diagrams are shown in Figs. 4
and 5 respectively. The ORTEP diagram of the complex
reveals that the complex is binuclear with each Pr(III) ions is
ten coordinated in which seven coordination sites are occupied
by two nitrogen atoms, three monodentate acetate groups of
EDTA4 and two water molecules. The fourth acetate group
binds to both Pr(III) atoms showing a novel mode of coordi-
nation. The groups show a tridentate chelating as well as
bridging behavior. The chelation is shown toward the Pr(III)
and bridging is shown toward both Pr1(III) and Pr2(III). Each
of the two Pr(III) ions is thus coordinated by N2O4 of one
ligand and then bridged to the other half of the molecule by
two chelating carboxylate groups. The bridging between Pr1Please cite this article in press as: R. Pradeep et al., Crystal and molecular structure o
diaminetetraacetate – Synthesis, characterization and antioxidant, antiviral and ant
10.1016/j.jscs.2016.11.002and Pr2 and coordination mode of bridging carboxylate
groups is shown in Fig. 6. This type of chelating as well as
bridging nature at the same time is known with dicarboxylates
like malonate complex. Nevertheless this is the ﬁrst report on
the Ln–EDTA chelates though it to known with [Pr2L6(H2-
O)3]n3H2O (HL:propionic acid) [19]. The phenyl hydrazine
molecules are in the second sphere along with four water mole-
cules, while the ﬁfth water molecule is present in the outer
sphere as bulk water. The bond length data clearly indicate
that the carboxylate oxygen with negative charge bridges the
two Praseodymium ion while the carbonyl oxygen is coordi-
nated to second Praseodymium ion. All the PrAO bonds are
stronger than the corresponding PrAN bonds indicating com-
paratively weaker interaction of Praseodymium ions with
nitrogen atoms. There are a variety of OAH  O and
NAH  O hydrogen bonds between H2O molecules, anionic
moieties in the compound and phenyl hydrazine molecules.
These H-bonds along with the weak Vander Waals andf novel binuclear ten coordinated praseodymium(III) with octadentateethylene-
icancer activities, Journal of Saudi Chemical Society (2016), http://dx.doi.org/
Figure 5 Close packing diagram of [Pr2(EDTA)2(H2O)4]
H2(PhNHNH2)3(H2O)5.
Figure 6 Bridging mode of acetate ions.
Table 3 Antiviral activity of the complex.
Complex Cytotoxicity in vero
culture (lg/mL) IC50
Conc. tested (lg/mL) IC50 CPE inh
HSV-1
2TCID5
Pr 355 300 ++++
150 ++++
50 ++++
++++ 100% protection, +++ 75% protection and ++ 50% prote
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10.1016/j.jscs.2016.11.002dipole–dipole interactions effectively stabilize the crystal struc-
ture. Among the three phenyl hydrazine molecules one mole-
cule bridges two metal ions through carboxylate oxygen
atoms by hydrogen bonding. Other two phenyl hydrazine
molecules form hydrogen bonds directly with carboxylate oxy-
gen atom or through water molecule to carboxylate oxygen
atom. Water molecules form hydrogen bonds with nitrogen
and oxygen atom of EDTA4 molecules also with nitrogen
atom of phenyl hydrazine molecules.
Careful analysis shows that coordinated water molecules
are more weakly bound to Pr(III) (2.5 and 2.575 A˚) than car-
boxylate oxygen atoms (2.451 and 2.511 A˚) but stronger than
the bridged oxygen atoms (2.608 and 2.699 A˚). The theoretical
geometry of the chelate is a bicapped square antiprism. The
adjacent Pr(III) ions are bridged together by two tridentate
chelating [(l2  ɳ2ɳ1)2] acetates. Each of them is ten-
coordinated by chelating (ɳ2) acetates and two water mole-
cules. The oxidation state of praseodymium is 3+ as shown
by the magnetic measurements, so two extra protons must be
attached to any two of the three phenyl hydrazine molecules
in order to balance the charge of the complex anion. Neverthe-
less, difference maps and the hydrogen bonds observed clearly
show two hydrogen atoms per water oxygen, the remaining
protons being probably disordered among phenyl hydrazine
molecules which is previously observed in the case of Ru
(III)–PDTA complex [20].
3.6. Antioxidant and antiviral activity
The results of antioxidant testing in comparison with control,
butylated hydroxyanizole show that the praseodymium com-
plex is very effective in neutralizing free radicals. The amount
of the complex used to prepare the solution of efﬁcient concen-
tration is higher which is attributed to the molecular weight of
the complex. About 10 mg/ml of the complex was prepared
and 0.5 ml, 1 ml, 1.5 ml, 2.0 ml and 2.5 ml of this stock solu-
tion were used to measure the antiradical activity. The % inhi-
bitions for the above solutions are 10.25, 22.10, 28.85, 39.50
and 66.25 respectively. The praseodymium complex was found
to suppress both HSV-1 and HSV-2 infections even at lower
IC50. The antiviral activity of the complex is given in Table 3.
3.7. Cytotoxicity assay
The cytotoxicity results were analyzed by means of cell
viability curves and expressed with IC50. The percentage of cell
toxicity against the concentration of drug (lg/mL) for theibition assay
HSV-2
0 10TCID50 100TCID50 2TCID50 10TCID50 100TCID50
++++ ++++ ++++ ++++ ++++
++++ ++++ ++++ +++ ++
++++ +++ +++ +++ ++
ction.
f novel binuclear ten coordinated praseodymium(III) with octadentateethylene-
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Figure 7 Percentage of cell toxicity.
8 R. Pradeep et al.complex is represented by a graph Fig. 7. These results show
that the praseodymium complex shows 96.7% cytotoxicity at
50 lg/mL concentration which reveals that this complex exhi-
bits excellent activity against neuroblastoma brain tumor cells.
IC50 values also support very high activity. However, the
required concentration is higher due to higher molecular
weight of the complex.
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